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1. Introduction

Fluorine atom has the impressive ability to affect the physical
and chemical properties of organic molecules.' As a result, this
intriguing atom is present in around 20% of pharmaceuticals and
40% of agrochemicals.? Therefore, it is not surprising that a lot of
attention has been recently devoted to the synthesis of fluorinated
molecules.> Among all the fluorinated molecules, fluoroolefins are
of great interest* and can be used for instance as peptidomimetics’
or in material science® in order to modify the physical properties.
Moreover, fluoroolefins are present in several bioactive com-
pounds, such as anti-diabetics’ or anti-HIV® agents (Fig. 1).

Besides homoallylic alcohols are considered as a key building
block in organic synthesis allowing a huge number of post-
functionalizations.” Thus, as part of our research program devoted
to the synthesis of relevant fluorinated building blocks'® we sought
to design a new and straightforward access to secondary and ter-
tiary fluorinated homoallylic alcohols. Although, pioneering work
from Allmendinger'' showed the versatility of such compounds,
quite surprisingly the reports dealing with the direct access to these
scaffolds are quite scarce in the literature. So far, the synthesis of
such compounds remains challenging and to our knowledge, either
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Fig. 1. Examples of relevant fluoroolefins.

an Ir-catalyzed dehydrogenative C—C forming bond'? or a syn-se-
lective Hosomi—Sakurai'® reaction have been successfully reported
to access to these compounds (Fig. 2a).

Noteworthy, both methodologies required either the use of an
expensive noble metal (Ir) or a painstaking synthesis of the fluo-
rinated starting materials. To tackle these major drawbacks, we
focused our approach on the use of readily available fluorinated

starting material and indium metal as promoter of the allylation
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Fig. 2. Access to fluorinated homoallylic alcohols.

reaction (Fig. 2b).'* Indium metal gives numerous advantages
compared to other metal, (1) its use does not require any prior-to-
use activation of the metal, (2) indium mediated addition can be
used under Barbier conditions, thus avoiding any initial formation
of the organometallic species, (3) indium metal and organo-indium
derivatives have a broad functional group tolerance and (4) finally
indium and associated reagents present a very low toxicity. Thus,
we report herein a full account'” of our investigations to develop an
easy access to homoallylic alcohols by means of an indium pro-
moted allylation reaction on carbonyl compounds.

2. Results and discussion

Initially, we focused our attention to the allylation reaction of
aldehydes using indium metal and 3-chloro-2-fluoroprop-1-ene as
a commercially available fluorinated building block. Our initial at-
tempt using 1.2 equiv of indium metal and 1.1 equiv of 3-chloro-2-
fluoroprop-1-ene afforded the desired homoallylic alcohol in 72%
yield using water as a solvent (Table 1, entry 1). The use of 2 equiv of
indium afforded a slight improve of the reaction yield to 76% (entry
2), while the use of 1.5 equiv of indium and 1.5 equiv of 3-chloro-2-
fluoroprop-1-ene gave a significant enhancement of the reaction
yield to 90% yield. The use of 2 equiv of indium instead of 1.5 equiv
of fluorinated substrate did not provide further improvements
(entry 4). Finally, the use of 2 equiv of indium and 3-chloro-2-
fluoroprop-1-ene gave the desired product in 91% isolated yield

Table 1
Optimization of the reaction conditions
cl) In(0) (x equiv.) OH F
solvent, T °C
F
Cl A_Cl (yequiv.) Cl
1a 2a
Entry Solvent X equiv y equiv Yield %*
1 H,0 1.2 1.1 72
2 H,0 2 1.1 76
3 H,0 1.5 1.5 90
4 H,0 2 1.5 89
5 H,0 2 2 98 (91)°
6 Brine 2 2 100 (99)°

2 Determined by '°F NMR and 'H NMR of the crude product using an internal
standard.
b Isolated yield.

(entry 5). Finally, the change of water to brine'® afforded a complete
conversion of the starting material and the product was isolated in
nearly quantitative yield (entry 6).

With these established conditions in hand, we moved on the
extension of the scope of the reaction (Table 2). First, aromatic al-
dehydes were engaged under our reaction conditions. Pleasingly,
the reaction proceeded smoothly in the presence of electron-
withdrawing or electron-donating groups onto aromatic back-
bones (entries 1—4). Ester derivative 1b as well as unprotected
phenol 1e are suitable and the desired products 2b and 2e were
obtained in 88% and 73% yield, respectively (entries 2 and 5). a-
Substituted-a,B-unsaturated aldehydes are compatibles and the
addition product 2f was isolated in 87% yield. Next, heteroaromatic
compounds were screened and gratefully thiophene adduct 2g and
pyridine derivative 2h were isolated in good yields (entries 7 and
8). The valuable pyrimidine derivative 1i bearing a free amine
group reacted smoothly, thus affording the product 2i in 99% yield
(entry 9). Ferrocene derivative 1j gave the addition product 2j in
excellent yield (entry 10). Then, we turn our attention to aliphatic
aldehydes, hydrocinnamaldehyde 1k afforded the corresponding
adduct 2k in 99% yield (entry 11), while nonanal 11 and citronellal
1m gave lower yield, 60 and 57% yield, respectively, probably due to
their high volatility (entries 12—13). When reactions were carried
out with citronellal 1m and aldehyde 1n no significant diaster-
eoselectivities were measured (entries 13 and 14). Similarly,
(—)-Menthyl glyoxalate hydrate 10 gave the addition product 20 in
92% yield as a 1:1 mixture of diastereomers (entry 15). To our de-
light, this methodology was applied to complexes fluorinated cy-
clopropanes 1p and 1q and the corresponding addition products 2p
and 2q were obtained in pretty good yield and good to excellent
diastereoisomeric ratio (entry 16 and 17)."” Then, ketones were
investigated. Unfortunately, using our standard conditions ketones
1r reacted poorly and 2r was obtained in 13% yield along with the
recovery of the unreacted starting material (entry 18). Using acti-
vated ketone 1s as starting material, a solvent survey shown that an
increase of the temperature to 60 °C using THF as a solvent allowed
the formation of the addition product 2s in 99% yield (entry 19).
With these new conditions, ketones 1t gave the desired adduct in
57% yield (entries 20). Unfortunately, despite several attempts we
have not been able to improve the reaction using 1r as a substrate.

Having established a practical and efficient access to fluorinated
homoallylic alcohol, we decided to go further and to design an
access to more complex fluorinated structures using elaborated
halo-fluorinated allylic compounds. The y-substituted bromo-
fluorinated allylic derivatives 5 were readily synthesized starting
from the corresponding a-fluoroacrylates 3.'® Reduction of the es-
ter function mediated by LiBH4 gave the allylic alcohols 4 in
pretty decent yields. Then, a bromination reaction of the allylic
alcohol 4 using PBr3 afforded the corresponding y-substituted
bromofluorinated allylic derivatives 5 in pretty good overall yield
(Table 3).

With these substrates in hand and in order to settle the opti-
mized reaction conditions we carried out the addition reaction
using the bromo derivatives 5a with 4-chlorobenzaldehyde 1a
under various conditions (Table 4).

First, we checked the influence of the metal on the stereo-
chemical outcome of the reaction and we observed that indium was
the best metal to promote the reaction. Indeed, Mn gave no reaction
(Table 4, entry 1) while inactivated zinc and tin led to low yield and
low diastereoselectivity (entries 2 and 3). We were pleased to ob-
served that indium afforded exclusively the y-adduct in quantita-
tive yield with a 80:20 anti:syn diastereoisomeric ratio (entry 4).'
Next, a solvent survey was performed: THF and DMF gave lower
yield and lower diastereoselectivity (entries 5 and 6) while brine
affords similar results (entry 7). Interestingly, the reaction pro-
ceeded smoothly in EtOH as a solvent. Moreover, we observed
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Table 2
Scope of the reaction®
JCJ)\ conditions OH F
1 2 1
R R R
1a-t 2a-t
Entry Starting material Product Yield %°
OH F
1 1a w 2a 99
Cl
OH F
2 1b M b ss
Me0,C~
OH F
3 1c w 2¢ 66
OH F
44 1d @M 2d 99
MeO
OH F
5 1e HO@M 2e 73
OH F
6° 1f x 2f 87
OH F
7 1g ~ 2g 83
\_s
OH F
8¢ 1h M 2h 77
W
Cl OH F
9 1i NS 2i 79
HQNJ\N/ cl
10 1j ?\&\{ 2j 99
<
OH F
114 1k @/M 2k 99
12 11 IS 21 60
OH
13¢ 1m YUY LT 2m 57(53:47)F
OH F
. _o
14° in W 2n  97(50:50)
OH
o
15 10 (5\ 20 92 (50:50)
_ OJW ( )
A OH F
Me0O,C,, /\ .F
16¢ 1p (Boo)N 2p 63 (80:20)2
OH F
(Boc)N,, A\ F
17¢ 1q MeO,C 2q 83 (100:0)
OH F
OH F
181 1r ©>‘\/K 2r 13
F,C OH F
19° 1s 2s 99

Table 2 (continued )

Entry Starting material Product Yield %°

. OH F
20° 1t 2t 57

F3C

2 Conditions: 1 (1 equiv), 3-chloro-2-fluoropropene (2 equiv), In(0) (2 equiv),
brine (0.3 M), rt, 16 h.
b Isolated yield.
72 h reaction time.
Reaction performed at 40 °C for 72 h.
Reaction performed at 60 °C for 24 h.
Reaction performed at 60 °C in THF for 24 h.
& Diastereoisomeric ratio determined by '°F NMR on the crude reaction mixture.

c
d
e
f

Table 3
Preparation of y-substituted a-bromo fluorinated allylic derivatives 5

F F F
R%\COZB A g A_on 2~ r s

3a-x 4a-x 5a-x
a) LiBH, THF, 0 °C; b) PBr3 Et,0, 0 °C.

Entry R 4, % 5, %* Overall yield %
1 Ph 4a, 94 5a, 88 82
2 CeHs—(CHa)» 4b, 32 5b, 50 16
3 4-Br—CgHa 4c, 69 5¢, 91 62
4 4-OCH3—CgH4 4d, 92 5d, 84 77

2 Isolated yield.

Table 4
Optimization of the reaction conditions
(0] OH F
| Metal (x equiv)
5a (y equiv) Ph
(¢]] solvent, 50 °C Cl
1a 6a
Entry Solvent Metal X equiv ¥y equiv Yield %* ()°
1 H,0 Mn 1.5 1.5 NR
2 H,0 Zn 15 1.5 33 (64:36)
3 H,0 Sn 15 15 48 (ND)
4 H»0 In 15 15 95 (80:20)
5 THF In 15 1.5 37 (58:42)
6 DMF In 1.5 1.5 30 (ND)
7 Brine In 1.5 1.5 95 (79:21)
8 EtOH In 15 15 95°(82:18)
9 EtOH In 1 1 90° (85:15)
10¢ EtOH In 1.5 1.5 100 (83:17)

2 Determined by '°F NMR and 'H NMR of the crude product using an internal
standard.

b anti:syn ratio determined by '°F NMR on the crude reaction mixture.

¢ Isolated yield.

d Reaction performed at rt for 24 h.

a cleaner crude reaction mixture than in aqueous media along with
a higher anti:syn ratio. The desired product 6a was obtained in al-
most quantitative yield with a 82:18 diastereoisomeric ratio (entry
8). A decrease of the amount of indium metal and 5a from 1.5 to
1 equiv gave a better diastereoisomeric ratio, 85:15 despite a slight
decrease of the reaction yield (entry 9). Finally, we conducted the
reaction at room temperature and after 24 h reaction time we have
been able to isolate the y-adducts in nearly quantitative yield with
a pleasant 83:17 diastereoisomeric ratio (entry 10).

Noteworthy, only the y-adduct was observed in the crude re-
action mixture and a X-ray analysis of the major product revealed
that the process delivered the anti adduct as a major di-
astereoisomer (Fig. 3).2° Noteworthy, this process represents the
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first access to the anti-addition product, whereas Usuki and co- Table 5
workers'? approach provides predominantly the syn-adduct. Hav- Scope of the reaction
ing these conditions in hand we extended the scope of the reaction o F conditions OH F
to various aldehydes (Table 5). R‘J\H + RZ\/\/ B — R1J\/§
These optimized conditions have been applied to a broad range Re
1a-y 5a-d 6a-p
Entry  Starting material 5 Major product Yield %" ()
OH F
1 1a 5a M 6a  90(85:15)
Cl =4 i
X
OH F
MeO
2 1u 5a I;M 6b 87 (81:19)
MeO e @
Fig. 3. Relative configuration of anti-6a by X-ray analysis.
OH F
O
3 v 52 < w 6c  82(80:20)
of aldehydes. Reaction was first performed with the bromoallyl ° @
derivative 5a. Electron rich aldehyde 1u afforded the corresponding
additions product 6b in 87% yield with a pleasant 81:19 di- S
astereoisomeric ratio (entry 2). Piperonal gave the desired product 4 1g 5a @M 6d  57(86:14)
6¢ in 82% yield with a pretty similar diastereoisomeric ratio (80:20, ©
entry 3). Heteroaromatic aldehydes were compatible under our
reaction conditions and thiophene adduct 6d was isolated in 57% oH F
yield and a 86:14 anti:syn ratio (entry 4). To our delight, (E)-cro- 5 1w 5a N 6e 78 (60:40)
tonaldehyde 1w reacted with 5a to give the addition product 6e in @
good yield with a lower diastereoisomeric ratio (60:40, entry 5).
Then reaction was carried out with aliphatic aldehydes, hydro- oH T
cinnamaldehyde 1k and pentanal 1x reacted with 5a to give the 6 1K 5a W 6f 83 (64:36)
addition product in pretty good yield and a decent anti:syn ratio, @
64:36 and 63:37, respectively (entries 6 and 7). Surprisingly,
nonanal gave the corresponding addition product 6h in a modest OH F
yield with 64:36 diastereoisomeric ratio (entry 8). Then, the ali- 7 1x 5a C4Hg)\§/& 62 70(63:37)
phatic substituted bromo allylic derivative 5b was tested under our @
reaction condition. para-Chlorobenzaldehyde reacted nicely with
5b to give the addition product 6i in 62% yield as an equal mixture OH F
of anti and syn diastereoisomers (entry 9). (E)-Crotonaldehyde 1w 3 1 5a CB””)\:A 6h 39 (64:36)
was engaged and afforded 6j in 70% yield with a reverse diaster- @
eoselectivity (entry 10), while the aliphatic pentanal gave an equal
mixture of syn and anti diastereoisomers in 50% yield (entry 11). oH F
ReaFt.ion was then ca.rried out. with Sc and aldehyFle 1a giying thg 9 1a 5h /@)\/K 6i 40 (50:50)
addition product 61 in 62% yield with a 82:18 diastereoisomeric cl ™
ratio (entry 12). (E)-Crotonaldehyde 1x and pentanal gave the ad- Ph
dition products in good yield with lower selectivities (entries 13 oH F
and 14). Finally reaction was carried out with 5d and 1a giving 60 in 10 1w 5b /M 6j 70 (42:58)
37% with a 76:24 diastereoisomeric ratio (entry 15). This modest (
yield might be easily explained by the low stability of 5d, due to the Ph
presence of the para-methoxy substituent. OH F
Finally, in order to define a plausible reaction pathway and 1 1x 5b C4Hg)\é/l\ 6k 50 (50:50)
transition state the reaction with (E)-5a was carried out.
Under standard condition, the addition product was isolated in o F
75% as a 78:22 diastereoisomeric mixture. Interestingly, 'H NMR /©)\/§
has revealed that the major diastereoisomer was the anti isomer 12 1a 5¢ a ; 6l 62 (82:18)
(Fig. 4). Taking this result into account, we proposed a plausible @
equilibration of the organo-indium species in favor of the ther- Br
modynamically stable Z isomer.”! This most stable species would /\)Oi/k
react through a six-membered ring transition state. The indium N
metal center coordinates to the aldehyde and according to a chair 13 w 5S¢ Q 6m  78(61:39)
like intermediate the addition occurs at the y-position delivering
the anti-product as a major isomer, whatever the geometry of the OHB'F
starting bromofluorinated allylic species (Fig. 5). Noteworthy, the i PPN
equatorial-equatorial gauche interaction in the favored transition 14 1x 5¢ : 6n  64(66:34)
state might explain the observed selectivity. Indeed, better selec- @

tivities were obtained in the case of aryl or vinyl substituted &
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Table 5 (continued )

Entry Starting material 5 Major product Yield %° ()

OH F

15 1a 5d C% 60

OMe
2 Conditions: 1 (1 equiv), 5 (1 equiv), In(0) (1 equiv), EtOH (0.3 M), 50 °C, 16 h.
b Isolated yield of the diastereoisomeric mixture.
¢ anti:syn ratio determined by '°F NMR on the crude reaction mixture.

37 (76:24)

substrates, while the use of aliphatic one gave lower selectivities.
This difference might be explained thanks to this gauche in-
teraction in the course of the addition through a six members
transition state.

9 F OH F
/@)l %\/ Br Standard M
+ —_— H
Ph Condition =
Cl Cl Ph
1a (E) - 5a anti - 6a
major product

Fig. 4. Reaction with (E)-fluorinated olefins.

F F
RR_A I — %vln
R2

Z- configuration E- configuration

F E "
H In /E/In
R2 "#O/ y (e}
1
ur a3
F F
H H
— /In — In
R = H =
(0] (0]
R? R!
H R2

anti - product syn - product

Fig. 5. Proposed transition state.

3. Conclusion

As summary, we developed herein a straightforward access to
fluorinated homoallylic alcohol by means of an indium promoted
allylation reaction. The synthesis and the use of y-substituted halo-
fluorinated allylic derivatives afforded the <y-addition products,
which have been isolated in good yields and moderate to good
diastereoselectivities. An X-ray analysis of the major product
revealed that the process furnished predominantly the anti-addi-
tion product. This methodology represents the first selective access
to the anti adducts in good to excellent yields. The reaction scope is
quite broad and the process is functional group tolerant. Finally, to
explain the stereochemical outcome of the reaction and in

agreement with the obtained crystal structure we proposed a six-
membered ring transition state.

4. Experimental section
4.1. Materials and instrumentation

All reactions were carried out using an oven-dried glassware
using standard Schlenk technique unless otherwise stated. Flash
chromatography was performed with silica gel (0.040—0.060 nm).
Analytical thin layer chromatography was performed on silica gel
aluminum plates with F-254 indicator and visualized by UV light
(254 nm) and/or chemical staining with KMnO4 solution or PMA
solution. "H NMR spectra were recorded on a Bruker DXP 300, 13C
NMR spectra at 75 MHz and °F NMR spectra at 282 MHz. Chemical
shifts () are quoted in parts per million (ppm) relative to residual
solvent (CHCl3: $=7.27 ppm for 'H, 6=77.0 ppm for 13C or relative to
external CFCls: 6=0 ppm for °F). The following abbreviations have
been used: ¢ (chemical shift), ] (coupling constant), s (singlet), br s
(broad singlet), d (doublet), dd (doublet of doublets), ddd (doublet
of doublet of doublets), t (triplet), q (quartet), dq (doublet of
quartets), m (multiplet). High-resolution mass spectra (HRMS)
were recorded on Waters LCT Premier, IR spectra were recorded on
a PerkinElmer Spectrum 100. Melting points are uncorrected.

Fluoroacrylates 3a—d were synthesized according to the litera-
ture procedure'® and 3-chloro-2-fluoroprop-1-ene was purchased
from Apollo Chemical. All aldehydes and ketones were recrystal-
lized, distilled or filtered through basic alumina prior-to-use.

4.2. Procedure

4.2.1. General procedure A for the allylation of aldehydes and ketones
with 3-chloro-2-fluoroprop-1-ene. In a 1.5 mL vial, indium (23 mg,
0.2 mmol), 1 (0.1 mmol) and solvent (1 mL) were added. Then, 3-
chloro-2-fluoroprop-1-ene (18 pL, 0.2 mmol) was added and the
vial was sealed (screwed cap). The resulting mixture was stirred at
the given temperature for 16 h, DCM was added and the aqueous
phase was extracted two times. Organic layer was dried over MgSO4
and the residue was purified by flash chromatography (SiO,, pe-
troleum ether/ethyl acetate mixture) to afford the corresponding
fluorinated alcohol 2 (see Table 2).

4.2.2. General procedure B for the reduction of fluoroacrylates 3 into
homoallylic alcohols 4. To a solution of fluoroacrylate 3 (11 mmol)
in THF (40 mL) at 0 °C was added LiBH4 (44 mmol) and reaction was
stirred at rt for 6 h. The solution was carefully quenched with NH4Cl
(saturated aqueous solution) and extracted with EtOAc (three
times). The combined organic layer was washed with brine, dried
over MgS04 and concentrated. The residue was purified by flash
chromatography (SiO,, petroleum ether/EtOAc mixture) to afford
the corresponding fluorinated allylic alcohol 4 (see Table 3).

4.2.3. General procedure C for the bromination of homoallylic alco-
hols 4. To a solution of alcohol 4 (6.6 mmol) in Et;0 (20 mL) at 0 °C
was added PBr3 (3.3 mmol). The resulting mixture was allowed to
reach to rt and stirred for 2 h. The reaction mixture was quenched
with NaHCOs (saturated aqueous solution) and extracted with Et;0
(three times). The combined organic layer was washed with brine,
dried over MgSO4 and concentrated. The residue was purified by
flash chromatography (SiO,, petroleum ether/EtOAc mixture) to
afford the corresponding fluorinated bromo allylic derivative 5 (see
Table 3).

4.2.4. General procedure D for the allylation of aldehydes with 5. In
a vial, 5 (0.3 mmol), indium (0.3 mmol), 1 (0.3 mmol) and EtOH
(1 mL) were introduced, the vial was sealed (screwed caps) and
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heated at 50 °C under vigorous stirring for 16 h. The solution was
quenched with five drops NH4Cl (saturated aqueous solution) and
stirred for 10 min. The mixture was filtered throw a pad of Celite
(washed with DCM) and concentrated. The residue was purified by
flash chromatography (SiO,, cyclohexane/EtOAc mixture) to afford
the corresponding fluorinated alcohol 6 (see Table 5).

4.3. Physical and spectral datas

4.3.1. 1-(4-Chlorophenyl)-3-fluorobut-3-en-1-ol 2a (Table 2, entry
1). Procedure A. '"H NMR (300 MHz, CDCl3) § 7.36—7.27 (m, 4H),
4.98—4.87 (m, 1H), 4.65 (dd, J=17.3, 2.9 Hz, 1H), 433 (dd, J=49.9,
2.9 Hz, 1H), 2.69-2.48 (m, 2H), 2.26 (d, J=2.5 Hz, 1H). °C NMR
(75 MHz, CDCl3) 6 162.9 (d, J=257 Hz), 141.6, 133.7, 128.8 (2C), 127.2
(2C), 93.2 (d, J=19 Hz), 704, 424 (d, J=26 Hz). "°F NMR (282 MHz,
CDCl3) 6 —95.9 (ddt, J=50, 21,17 Hz). IR (cm~1): 3375, 1674, 1046, 802.
Anal. Calcd for C1oH1oCIFO: C, 59.86; H, 5.02. Found: C, 59.80; H, 5.00.

4.3.2. Methyl 4-(3-fluoro-1-hydroxybut-3-enyl)benzoate 2b (Table 2,
entry 2). Procedure A. "H NMR (300 MHz, CDCl3) 6 8.01 (d, J=8.1 Hz,
2H), 7.43 (d, J=8.3 Hz, 2H), 5.01 (t, J=6.6 Hz, 1H), 4.65 (dd, J=17.2,
2.9 Hz, 1H), 4.33 (dd, J=49.8, 2.8 Hz, 1H), 3.90 (s, 3H), 2.67—2.52 (m,
2H), 2.40 (s, TH). 3°C NMR (75 MHz, CDCl3) ¢ 166.9, 162.7 (d,
J=257 Hz), 148.1, 129.9 (2C), 129.6, 125.6 (2C), 93.2 (d, J=19 Hz),
70.4,52.2 (d, J=3 Hz), 42.3 (d, J=26 Hz). 1F NMR (282 MHz, CDCl3)
6 —96.0 (dq, J=50, 18 Hz). IR (cm™'): 3473, 1696, 1671, 1286, 765,
704, 537. Anal. Calcd for C13H3FO3: C, 64.28; H, 5.84. Found: C,
64.64; H, 5.82.

4.3.3. 3-Fluoro-1-phenylbut-3-en-1-ol 2c¢ (Table 2, entry
3). Procedure A. '"H NMR (300 MHz, CDCl3) 6 7.42—7.27 (m, 5H),
5.03—4.90 (m, 1H), 4.66 (dd, J=17.3, 2.7 Hz, 1H), 4.35 (dd, J=50.0,
2.5 Hz, 1H), 2.75—2.53 (m, 2H), 2.17 (br s, 1H). 13C NMR (75 MHz,
CDCl3) 6 163.3 (d, J=257 Hz), 143.2,128.7 (2C), 128.1,125.8 (2C), 93.0
(d, J=19 Hz), 71.0, 42.4 (d, J=26 Hz). 'F NMR (282 MHz, CDCl3)
6 —95.9 (ddt, J=50, 21,17 Hz). IR (cm™!): 3375, 1674, 852, 756, 698.
Anal. Calcd for C1oH11FO: C, 72.27; H, 6.67. Found: C, 72.25; H, 6.68.

4.3.4. 3-Fluoro-1-(4-methoxyphenyl)but-3-en-1-ol 2d (Table 2, entry
4). Procedure A. 'TH NMR (300 MHz, CDCls) 6 7.29 (d, J=8.5 Hz, 2H),
6.89 (d, J=8.5 Hz, 2H), 4.90 (dd, J=8.3, 5.1 Hz, 1H), 4.63 (dd, =174,
2.7 Hz, 1H), 4.33 (dd, J=50.1, 2.5 Hz, 1H), 3.80 (s, 3H), 2.75—2.45 (m,
2H), 2.20 (br s, 1H). 3C NMR (75 MHz, CDCls) 6 163.3 (d, J=257 Hz),
159.3, 135.3, 127.0 (2C), 113.9 (2C), 92.7 (d, J=19 Hz), 70.5, 55.3 (d,
J=3Hz),42.2 (d, =26 Hz). °F NMR (282 MHz, CDCl3) 6 —95.7 (dddd,
J=50,22,17,15 Hz). IR (cm™"): 2909, 1675, 1511, 1241, 828. Anal. Calcd
for C11H13FO,: C, 67.33; H, 6.68. Found: C, C, 67.62; H, 6.69.

4.3.5. 3-(3-Fluoro-1-hydroxybut-3-enyl)phenol 2e (Table 2, entry
5). Procedure A. "H NMR (300 MHz, CDClz) 6 7.29—7.18 (m, 1H),
6.98—6.85 (m, 2H), 6.76 (dd, J=8.0, 2.5 Hz, 1H), 4.96 (br s, 1H),
4.96—4.86 (m, 1H), 4.66 (dd, J=17.4, 2.8 Hz, 1H), 4.35 (dd, J=50.0,
2.8 Hz, 1H), 2.72—2.49 (m, 2H), 2.02 (br s, 1H). >C NMR (75 MHz,
CDCl3) 6 163.1 (d, J=257 Hz), 155.8, 145.0, 129.9, 118.1, 114.8, 112.5,
92.9(d,J=19 Hz), 70.6, 42.2 (d, J=26 Hz). '°F NMR (282 MHz, CDCl5)
6 —96.0 (dddd, J=34, 21, 20, 17 Hz). IR (cm™): 3327, 3077, 2921,
1464, 1030, 854. Anal. Calcd for C1gH11FO3: C, 65.92; H, 6.09. Found:
C, 65.59; H, 6.00.

4.3.6. (E)-5-Fluoro-2-methyl-1-phenylhexa-1,5-dien-3-ol 2f (Table 2,
entry 6). Procedure A. '"H NMR (300 MHz, CDCl3) 6 'H NMR
(300 MHz, CDCl3) 6 7.32—7.08 (m, 5H), 6.50 (s, 1H), 4.60 (dd, J=17.3,
2.4 Hz, 1H), 446—4.21 (m, 2H), 2.56—2.34 (m, 2H), 2.01 (s, 1H), 1.82
(s, 3H). 3C NMR (75 MHz, CDCl3) 6 163.4 (d, J=257 Hz), 138.7,137.2,
129.0 (2C), 128.2 (2C), 126.6, 126.4, 92.6 (d, J=19 Hz), 74.3, 38.7 (d,
J=26 Hz), 13.4. '%F NMR (282 MHz, CDCl3) 6 —95.4 (ddt, J=50, 21,

17 Hz). IR (cm™1): 2918, 1673, 748, 697. Anal. Calcd for C13H;5FO: C,
75.70; H, 7.33. Found: C, 75.79; H, 7.13.

4.3.7. 3-Fluoro-1-(thiophen-2-yl)but-3-en-1-ol 2g (Table 2, entry
7). Procedure A. "H NMR (300 MHz, CDCl3) 6 7.19 (d, J=5.1 Hz, 1H),
6.98—6.85 (m, 2H), 5.15 (t, J=6.6 Hz, 1H), 4.60 (dd, J=17.3, 2.9 Hz,
1H), 4.31 (dd, J=49.9, 2.7 Hz, 1H), 2.79—2.56 (m, 2H), 2.25 (br s, 1H).
13C NMR (75 MHz, CDCls) 6 162.6 (d, J=257 Hz), 146.7, 126.7, 124.9,
124.0,93.2 (d, J=19 Hz), 67.0, 42.4 (d, J=26 Hz). '°F NMR (282 MHz,
CDCl3) 6 —96.2 (ddt, J=50, 20, 17 Hz). IR (cm™): 3297, 2921, 1678,
1057. Anal. Calcd for CgHgFOS: C, 55.79; H, 5.27; S, 18.62. Found: C,
55.56; H, 4.95; S, 18.43.

4.3.8. 3-Fluoro-1-(pyridin-3-yl)but-3-en-1-ol 2h (Table 2, entry
8). Procedure A. 'H NMR (300 MHz, CDCl5) ¢ 8.61 (s, 1H), 8.55 (d,
J=3.7 Hz, 1H), 7.74 (dt, J=7.8, 1.8 Hz, 1H), 7.30 (dd, J=7.8, 4.8 Hz, 1H),
5.02 (dd, J=7.7, 5.6 Hz, 1H), 4.69 (dd, J=17.2, 3.0 Hz, 1H), 4.36 (dd,
J=49.8, 2.9 Hz, 1H), 2.81-2.55 (m, 2H), 2.44 (s, 1H). 3C NMR
(75 MHz, CDCl3) 6 162.6 (d, J=257 Hz), 149.1, 147.6, 138.8, 133.8,
123.7,93.5 (d, J=19 Hz), 68.7, 42.4 (d, ]=26 Hz). °F NMR (282 MHz,
CDCl3) 6 —96.0 (ddt, J=50, 22, 17 Hz). IR (cm™!): 2918, 1677, 1428,
855, 712. Anal. Calcd for CgH1oFNO: C, 64.66; H, 6.03; N, 8.38.
Found: C, 65.01; H, 6.01; N, 8.35.

4.3.9. 1-(2-Amino-4,6-dichloropyrimidin-5-yl)-3-fluorobut-3-en-1-ol
2i (Table 2, entry 9). Procedure A. 'H NMR (300 MHz, CDCl3) 6 5.56 (s,
2H), 5.53—5.42 (m, 1H), 4.65 (d, J=16.9 Hz, 1H), 4.39 (d, J=49.2 Hz,
1H), 2.96 (ddd, J=22.6,14.5, 8.2 Hz, 1H), 2.85—2.68 (m, 1H), 2.67 (br's,
1H). 3C NMR (75 MHz, CDCl3) 6 162.2 (d, J=258 Hz), 161.5 (2C), 160.4,
119.8, 93.5 (d, J=17 Hz), 67.1 (d, J=2 Hz), 38.3 (d, J=27 Hz). '°F NMR
(282 MHz, CDCl3) 6 —96.0 (dgq, J=50, 17 Hz). IR (cm™'): 3320, 1637,
1567, 1505, 806, 444. Anal. Calcd for CgHgCl,FN30: C, 38.12; H, 3.20;
N, 16.67. Found: C, 37.78; H, 3.34; N, 16.97.

4.3.10. 3-Fluoro-1-ferrocenylbut-3-en-1-ol 2j (Table 2, entry
10). Procedure A. 'TH NMR (300 MHz, CDCl3) 6 4.63—4.49 (m, 2H),
439-417 (m, 1H), 4.20 (s, 1H), 4.16—4.04 (m, 8H), 2.58—2.37 (m,
2H), 2.08 (br s, 1H). '3C NMR (75 MHz, CDCl3) 6 163.7 (d, J=257 Hz),
92.6,92.3 (d, J=20 Hz), 68.6 (5C), 68.3, 68.2, 67.1, 66.6, 65.6, 41.2 (d,
J=26 Hz). 'F NMR (282 MHz, CDCl3) 6 —95.4 (m). IR (cm™"): 3099,
2922, 1673, 849, 816, 477. Anal. Calcd for C14H5FFeO: C, 61.34; H,
5.52. Found: C, 61.12; H, 5.72.

4.3.11. 5-Fluoro-1-phenylhex-5-en-3-ol 2k (Table 2, entry
11). Procedure A. '"H NMR (300 MHz, CDCl3) 6 7.31—7.17 (m, 2H),
7.17—7.03 (m, 3H), 4.58 (dd, J=17.4, 2.8 Hz, 1H), 4.27 (dd, J=50.1,
2.7 Hz, 1H), 3.92—3.69 (m, 1H), 2.83—2.69 (m, 1H), 2.69—2.54 (m,
1H), 2.46—2.13 (m, 2H), 1.82—1.66 (m, 2H). 3C NMR (75 MHz, CDCl3)
6 163.7 (d, J=257 Hz), 141.8, 128.60 (2C), 128.56 (2C), 126.1, 92.8 (d,
J=20 Hz), 68.0, 40.5 (d, J=26 Hz), 38.5, 32.1. '°F NMR (282 MHz,
CDCl3) 6 —94.5 (dddd, J=50, 24, 17, 16 Hz). IR (cm™'): 3376, 2922,
1673, 848, 698. Anal. Calcd for C13H15FO: C, 74.20; H, 7.78. Found: C,
74.41; H, 7.75.

4.3.12. 2-Fluorododec-1-en-4-ol 2l (Table 2, entry 12). Procedure A.
'H NMR (300 MHz, CDCl3) 6 4.64 (dd, J=17.4, 2.7 Hz, 1H), 4.35 (dd,
J=50.1, 2.7 Hz, 1H), 3.93—3.77 (m, 1H), 2.47—2.15 (m, 2H), 1.55-1.40
(m, 2H), 1.38—1.17 (m, 12H), 0.88 (t, J=6.6 Hz, 3H). °C NMR
(75 MHz, CDCl3) 6 164.0 (d, J=258 Hz), 92.5 (d, J=22 Hz), 68.5, 40.3
(d, J=27 Hz), 36.8, 31.9, 29.7, 29.5, 29.2, 25.5, 22.7, 14.1. 'F NMR
(282 MHz, CDCl3) 6 —94.6 (dddd, J=50, 24, 17, 15 Hz). IR (cm™):
3346, 2943, 1215, 1018, 838, 702. Anal. Calcd for C1H,3FO: C, 71.24;
H, 11.46. Found: C, 70.92; H, 11.54.

4.3.13. (6S)-2-Fluoro-6,10-dimethylundeca-1,9-dien-4-ol 2m (Table
2, entry 13). Procedure A. Mixture 50:50 of diastereoisomers. 'H
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NMR (300 MHz, CDCl3) 6 5.03 (t, J=6.9 Hz, 1H), 4.58 (dd, J=17.4,
1.5 Hz, 1H), 4.28 (d, J=50.3 Hz, 1H), 3.92 (br s, 1H), 2.44—2.04 (m,
2H), 2.05—-1.81 (m, 2H), 1.78—1.57 (m, 1H), 1.61 (s, 3H), 1.53 (s, 3H),
1.46—1.21 (m, 3H), 1.23—1.01 (m, 2H), 0.92—0.71 (m, 3H). 3C NMR
(75 MHz, CDCl3) 6 164.0 (d, J=257 Hz), 131.52 (0.5C), 131.46 (0.5C),
124.8, 92.9-92.3 (m), 66.7 (0.5C), 66.3 (0.5C), 44.4 (0.5C), 44.3
(0.5C), 41.2 (d, J=26 Hz, 0.5C), 40.7 (d, J=26 Hz, 0.5C), 37.9 (0.5C),
36.7 (0.5C), 29.4 (0.5C), 29.0 (0.5C), 25.9, 25.6 (0.5C), 25.4 (0.5C),
20.3 (0.5C), 19.2 (0.5C), 17.8. °F NMR (282 MHz, CDCl3) § —94.5 (m,
0.5F), —94.6 (m, 0.5F). IR (cm™1): 3353, 2917, 1673, 845. Anal. Calcd
for C13H3FO: C, 72.85; H, 10.82. Found: C, 73.23; H, 11.13.

4.3.14. 2-Fluoro-10-methoxy-6,10-dimethylundec-1-en-4-ol 2n
(Table 2, entry 14). Procedure A. Mixture 50:50 of di-
astereoisomers. '"H NMR (300 MHz, CDCl3) 6 4.70—4.57 (m, 1H),
4.41-4.26 (m, 1H), 4.01-3.87 (m, 1H), 3.17 (s, 3H), 2.47—2.14 (m,
2H), 1.78—1.57 (m, 1H), 1.55—1.17 (m, 9H), 1.13 (s, 6H), 1.00—0.88
(m, 3H). 3C NMR (75 MHz, CDCl5) 6 163.8 (d, J=257 Hz), 92.4 (d,
J=19 Hz), 74.7, 66.6 (0.5C), 66.2 (0.5C), 49.1, 44.4 (0.5C), 44.2
(0.5C), 41.1 (d, J=26 Hz, 0.5C), 40.6 (d, J=26 Hz, 0.5C), 40.0, 38.3
(0.5C), 36.9 (0.5C), 29.5 (0.5C), 29.2 (0.5C), 25.0, 24.9, 21.2 (0.5C),
21.0 (0.5C), 20.2 (0.5C), 19.1 (0.5C). '9F NMR (282 MHz, CDCl3)
0 —94.47 (m, 0.5F), —94.52 (m, 0.5F). IR (cm~!): 2938, 1676, 1080,
847, 737. Anal. Calcd for Ci4H,7FO;: C, 68.25; H, 11.05. Found: C,
68.37; H, 10.98.

4.3.15. (S)-Menthyl 4-fluoro-2-hydroxypent-4-enoate 20 (Table 2,
entry 17). Procedure A.'H NMR (300 MHz, CDCl3) 6 4.90—4.51 (m,
1.5H), 4.42 (br s, 0.5H), 4.26 (br s, 0.5H), 4.03 (br s, 0.5H),
3.05-2.89 (m, 1H), 2.78-2.35 (m, 2H), 2.06—1.86 (m, 1H),
1.85—1.69 (m, 1H), 1.69—1.54 (m, 2H), 1.52—1.25 (m, 2H), 1.25—1.08
(s, 1TH), 1.13—0.90 (m, 2H), 0.90—0.76 (m, 7H), 0.76—0.61 (m, 3H).
13C NMR (75 MHz, CDCl3) é 173.5 (0.5C), 173.5 (0.5C), 161.84 (d,
J=257 Hz, 0.5C), 161.79 (d, J=257 Hz, 0.5C), 93.6—92.9 (m), 76.4
(0.50), 75.9 (0.5C), 67.5 (0.5C), 67.2 (0.5C), 46.9, 40.8 (0.5C), 40.6
(0.5Q), 37.3 (d, J=27 Hz, 0.5C), 37.0 (d, J=27 Hz, 0.5C), 34.1, 314,
26.2,23.3, 22.0, 20.7,16.3. °F NMR (282 MHz, CDCl3) 6 —95.7 (m,
0.5F), —96.1 (m, 0.5F). IR (cm~1): 2955, 2926, 2872, 1731, 1214,
1094. Anal. Calcd for C45H,5FO3: C, 66.15; H, 9.25. Found: C, 68.01;
H, 11.01.

4.3.16. (&)-(trans)-Methyl 1-(bis(tert-butoxycarbonyl)amino)-2-
fluoro-2-(3-fluoro-1-hydroxybut-3-enyl)cyclopropanecarboxylate 2p
(Table 2, entry 15). Procedure A. '"H NMR (300 MHz, CDCl3) 6 4.64
(dd, J=17.2, 2.8 Hz, 1H), 4.42 (dd, J=49.7, 2.8 Hz, 1H), 4.35 (dtd,
J=28.0,7.1,2.1 Hz,1H), 3.94 (d, J=2.6 Hz, 1H), 3.77 (s, 3H), 2.79-2.57
(m, 2H), 2.23 (dd, J=18.1, 8.8 Hz, 1H), 1.81 (dd, J=22.6, 8.8 Hz, 1H),
1.53 (s, 9H), 1.49 (s, 9H). >C NMR (75 MHz, CDCl3) 6 169.1,162.9 (d,
J=256 Hz), 153.9, 151.5, 92.5 (d, J=23 Hz), 86.3 (d, J=237 Hz), 84.4,
83.4, 66.5 (d, J=20 Hz), 53.2 (d, J=4 Hz), 44.3 (d, J=9 Hz), 35.8 (d,
J=26 Hz), 27.9 (6C), 27.1 (d, J=9.1 Hz). 'F NMR (282 MHz, CDCl3)
6 —95.6 (m), —190.1 (dddd, J=28, 22, 18, 2 Hz). IR (cm~!): 3480,
2980, 1735, 1678, 1120. Anal. Calcd for Ci9H9F,NO7: C, 54.15; H,
6.94; N, 3.32. Found: C, 54.38; H, 7.02; N, 3.62.

4.3.17. (&)-(trans)-Methyl 1-(bis(tert-butoxycarbonyl)amino)-2-
fluoro-2-(3-fluoro-1-hydroxybut-3-enyl)cyclopropanecarboxylate 2q
(Table 2, entry 16). Procedure A. 'H NMR (300 MHz, CDCls)
0 5.18—4.96 (m, 2H), 4.74 (dd, J=17.0, 3.0 Hz, 1H), 4.45 (dd, J=49.6,
3.0 Hz, 1H), 3.75 (s, 3H), 3.00—2.67 (m, 2H), 2.46 (dd, ]=20.8, 8.2 Hz,
1H), 1.71 (dd, J=13.2, 8.3 Hz, 1H), 1.49 (s, 9H), 1.44 (s, 9H). 13C NMR
(75 MHz, CDCl3) 6 168.0, 161.3 (d, J=254 Hz), 155.5, 152.9, 94.1 (d,
J=17 Hz), 83.9 (d, J=240 Hz), 83.3, 81.0, 73.3 (d, J=21 Hz), 52.9 (d,
J=4Hz),43.5(d,J=10 Hz), 33.4 (dd, J=28, 6 Hz), 29.7, 28.2 (3C), 27.7
(3C). 'F NMR (282 MHz, CDCl3) 6 —95.8 (ddddd, J=50, 26, 17, 11,
1 Hz), —190.5 (dt, J=22, 12 Hz). IR (cm™1): 2921, 1739, 1249, 1157.

Anal. Calcd for CigHo9FoNO7: C, 54.15; H, 6.94; N, 3.32. Found: C,
53.75; H, 6.89; N, 3.61.

4.3.18. 4-Fluoro-2-phenylpent-4-en-2-ol 2r (Table 2, entry
18). Procedure A. '"H NMR (300 MHz, CDCl3) 6 7.39 (d, J=7.9 Hz,
2H), 7.28 (t, J=7.5 Hz, 2H), 7.19 (t, J=7.2 Hz, 1H), 4.56 (dd, J=17.5,
2.2 Hz, 1H), 4.17 (dd, J=50.1, 2.3 Hz, 1H), 2.75—2.50 (m, 2H), 2.20
(d,J=2.1 Hz, 1H), 1.55 (s, 3H). '>*C NMR (75 MHz, CDCl3) 6 163.3 (d,
J=258 Hz), 146.8, 128.2 (2C), 127.0, 124.6 (2C), 94.2 (d, J=20 Hz),
73.3 (d, J=3 Hz), 46.6 (d, J=24 Hz), 29.6. '°F NMR (282 MHz,
CDCl5) 6 —89.6 (dq, J=50, 20 Hz). IR (cm™"): 3392, 2928, 1674,
1167, 854. Anal. Calcd for C41H13FO: C, 73.31; H, 7.27. Found: C,
73.34 H, 7.53.

4.3.19. 1,1,14-Tetrafluoro-2-phenylpent-4-en-2-ol 2s (Table 2, entry
19). Procedure A. "H NMR (300 MHz, CDCl3) 6 7.58 (d, J=7.0 Hz, 2H),
7.47—7.33 (m, 3H), 4.66 (dd, J=17.4, 2.7 Hz, 1H), 4.31 (dd, J=49.8,
2.8 Hz, 1H), 3.24 (br s, 1H), 3.19—2.93 (m, 2H). 13C NMR (75 MHz,
CDCls) 6 160.3 (d, J=257 Hz), 135.9, 128.8, 128.3 (2C), 126.3 (2C),
125.0 (q, J=286 Hz), 95.9 (d, J=19 Hz), 76.0 (qd, J=28, 2 Hz), 38.6 (d,
J=25 Hz). '°F NMR (282 MHz, CDCl3) 6 —79.6 (m, 3F), —90.7 (m). IR
(cm’1): 3346, 2945, 1674, 1167, 1018, 851, 701. Anal. Calcd for
C11H10F40: C, 56.41; H, 4.30. Found: C, 56.65; H, 4.45.

4.3.20. 1,1,1,5-Tetrafluoro-3-phenylhex-5-en-3-ol 2t (Table 2, entry
20). Procedure A. '"H NMR (300 MHz, CDCls) 6 7.33—7.10 (m, 5H),
4.68 (dd, J=17.3, 2.6 Hz, 1H), 4.34 (dd, J=49.6, 2.5 Hz, 1H), 3.09 (d,
J=14.2 Hz, 1H), 2.89 (d, J=14.2 Hz, 1H), 2.69—2.26 (m, 3H). *C NMR
(75 MHz, CDCl3) 6 161.1 (d, J=257 Hz), 133.9, 131.1 (2C), 128.6 (2C),
127.5,125.7 (q, J=287 Hz), 95.5 (d, J=20 Hz), 74.9 (qd, J=27, 3 Hz),
39.8, 36.9 (d, J=25 Hz). '°F NMR (282 MHz, CDCl3) 6 —78.9 (m, 3F),
—91.5 (m). IR (cm’1): 3360, 2942, 1674, 1164, 853, 701. Anal. Calcd
for C1oH12F40: C, 58.07; H, 4.87. Found: C, 57.84; H, 5.07.

4.3.21. (Z)-(3-Bromo-2-fluoroprop-1-enyl)benzene 5a (Table 3, entry
1). Following procedure C, 5a was obtained as a yellow oil in 88%
yield, after flash chromatography (SiO,, cyclohexane/EtOAc, 90:10,
R=0.70 cyclohexane/EtOAc 8:2). 'H NMR (300 MHz, CDCls)
6 7.58—7.31 (m, 5H), 5.90 (d, J=36.0 Hz, 1H), 4.14 (d, J=20.1 Hz, 2H).
13C NMR (75 MHz, CDCl3) 6 154.5 (d, J=263 Hz), 132.3 (d, J=3 Hz),
129.1,128.9, 128.7,128.3, 128.2, 110.5 (d, J=8 Hz), 29.7 (d, J=31 Hz).
19F NMR (282 MHz, CDCl3) 6 —108.3 (dt, J=36, 20 Hz). IR (cm™1):
3027, 1681, 1422, 1351, 1205, 904, 690. Anal. Calcd for CgHgBrF: C,
50.26; H, 3.75. Found: C, 50.45; H, 3.59.

4.3.22. (Z)-(5-Bromo-4-fluoropent-3-enyl)benzene 5b (Table 3, entry
2). Following procedure C, 5b was obtained as a yellow oil in 50%
yield, after flash chromatography (SiO,, cyclohexane/EtOAc, 90:10,
R=0.78 cyclohexane/EtOAc 8:2). TH NMR (300 MHz, CDCl3)
0 7.40—7.13 (m, 5H), 5.01 (dt, J=34.3, 7.5 Hz, 1H), 3.94 (d, J=19.6 Hz,
2H), 2.72 (t, J=7.6 Hz, 2H), 2.47 (m, 2H). '*C NMR (75 MHz, CDCl3)
0154.6 (d, J=251 Hz), 141.2, 128.64 (2C), 128.61 (2C), 126.3, 110.3 (d,
J=15 Hz), 35.1 (d, J=1 Hz), 28.8 (d, J=32 Hz), 25.9 (d, J=3 Hz). 'F
NMR (282 MHz, CDCl3) 6 —114.5 (dtt, J=34, 19, 1 Hz). IR (cm™1):
3027, 1691, 1454, 1233, 697. Anal. Calcd for C;1H13BrF: C, 54.34; H,
4.98. Found: C, 53.25; H, 5.07.

4.3.23. (Z)-1-Bromo-4-(3-bromo-2-fluoroprop-1-enyl)benzene  5c¢
(Table 3, entry 3). Following procedure C, 5¢ was obtained as
a colorless oil in 91% yield, after flash chromatography (SiO,, cy-
clohexane/EtOAc, 90:10, R=0.73 cyclohexane/EtOAc 8:2). TH NMR
(300 MHz, CDCl3) ¢ 7.49 (d, J=8.3 Hz, 2H), 7.38 (d, J=8.2 Hz, 2H),
5.82 (d, J=35.6 Hz, 1H), 4.12 (d, J=20.2 Hz, 2H). 13C NMR (75 MHz,
CDCl3) ¢ 155.0 (d, J=264 Hz), 131.8 (2C), 131.2 (d, J=4 Hz), 130.5,
130.4,122.1,109.4 (d, J=8 Hz), 29.4 (d, J=31 Hz). °F NMR (282 MHz,
CDCl3) 6 —106.9 (dt, J=35, 20 Hz). IR (cm™!): 1676, 1486, 1235, 1159,
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1008, 857, 808, 661. Anal. Calcd for CgH7BryF: C, 36.77; H, 2.40.
Found: C, 36.55; H, 2.50.

4.3.24. (Z)-1-(3-Bromo-2-fluoroprop-1-enyl)-4-methoxybenzene 5d
(Table 3, entry 4). Following procedure C, 5d was obtained as
a crude colorless oil in 84% yield (R=0.68 cyclohexane/EtOAc 8:2).
The compound was unstable on SiO,. '"H NMR (300 MHz, CDCl3)
6 749 (d, J=8.4 Hz, 2H), 6.90 (d, J=8.5 Hz, 2H), 5.84 (d, J=36.4 Hz,
1H), 4.15 (d, J=20.4 Hz, 2H), 3.84 (s, 3H). >C NMR (75 MHz, CDCl3)
6 159.4, 153.1 (d, J=260 Hz), 130.5, 130.4, 125.0 (d, J=4 Hz), 114.0
(20), 110.2 (d, J=8 Hz), 55.3, 30.3 (d, J=31 Hz). "°F NMR (282 MHz,
CDCl3) 6 —111.3 (dt, J=36, 20 Hz). IR (cm ™ !): 1679, 1606, 1510, 1463,
1237, 1176, 1154, 1029.

4.3.25. 1-(4-Chlorophenyl)-3-fluoro-2-phenylbut-3-en-1-ol 6a (Table
5, entry 1). Following procedure D, 6a was obtained as the pure
anti (white solid) and the pure syn (colorless oil) diastereomers, after
flash chromatography (SiO;, cyclohexane/EtOAc, 95:5 to 65:35).
Compound 6a anti: R=0.42 cyclohexane/EtOAc 8:2. 'H NMR
(300 MHz, CDCl3) 6 7.16—6.91 (m, 9H), 4.99 (d, J=9.4 Hz, 1H), 4.73
(dd,J=17.8,3.1 Hz, 1H), 4.55 (dd, J=50.1, 3.1 Hz, 1H), 3.58 (dd, ]=24.8,
9.4 Hz, 1H). 3C NMR (75 MHz, CDCl3): 6 164.7 (d, J=258 Hz), 139.7,
136.9, 133.5,128.5,128.4, 128.4, 128.3,128.1,127.4, 93.4 (d, J=20 Hz),
744 (d, J=3 Hz), 57.8 (d, J=24 Hz). 'F NMR (282 MHz, CDCl3)
6 —101.6 (ddd, J=50, 25, 18 Hz). IR (cm™'): 3385, 2932, 1675, 1492,
1451, 1236, 1030, 1010. Anal. Calcd for C46H14CIFO: C, 69.44; H, 5.10.
Found: C, 69.63; H, 5.25. Compound 6a syn: R=0.51 cyclohexane/
EtOAc 8:2. TH NMR (300 MHz, CDCls) 6 7.35—7.22 (m, 9H), 512 (dd,
J=8.5, 2.6 Hz, 1H), 4.40 (dd, J=17.9, 3.1 Hz, 1H), 4.16 (dd, J=50.2,
3.1 Hz, 1H), 3.54 (dd, J=23.9, 8.5 Hz, 1H).- 3C NMR (75 MHz, CDCl3)
0 164.4 (d, J=260 Hz), 140.0, 136.8, 133.7, 128.9, 128.9, 128.8, 128.5,
128.4,128.2,128.0,127.9, 93.0 (d, J=19 Hz), 73.8 (d, J=1 Hz), 58.0 (d,
J=23 Hz). '°F NMR (282 MHz, CDCl3) § —101.2 (ddd, J=50, 24, 18 Hz).
IR (cm™1): 3270, 2973, 1670, 1492, 1243, 1047, 1012. Anal. Calcd for
C16H14CIFO: C, 69.44; H, 5.10. Found: C, 69.79; H, 4.99.

4.3.26. 3-Fluoro-2-phenyl-1-(3,4,5-trimethoxyphenyl)but-3-en-1-ol
6b (Table 5, entry 2). Following procedure D, 6b was obtained as
a mixture of anti/syn diastereomers (colorless oil), after flash
chromatography (SiO;, cyclohexane/EtOAc, 95:5 to 70:30, R=0.14
cyclohexane/EtOAc 8:2). Compound 6b anti: 'H NMR (300 MHz,
CDCl3) 6 7.33—6.91 (m, 5H), 6.17 (s, 2H), 4.89 (d, J=9.5 Hz, 1H), 4.71
(dd, J=17.8, 3.1 Hz, 1H), 4.54 (dd, J=50.2, 3.1 Hz, 1H), 3.66 (s, 3H),
3.56 (s, 6H), 3.48 (m, 1H). 3C NMR (75 MHz, CDCl3) é 165.1 (d,
J=262 Hz), 152.6, 137.5, 137.5, 137.0 (2C), 128.6, 128.5, 128.3 (2C),
127.2,103.5 (2C), 93.0 (d, J=20 Hz), 75.0 (d, J=3 Hz), 60.8, 58.0 (d,
J=24Hz), 55.9, 55.9. 9F NMR (282 MHz, CDCl5) 6 —101.4 (ddd, J=50,
25, 18 Hz). Compound 6b syn: 'H NMR (300 MHz, CDCls)
6 7.32—6.91 (m, 5H), 6.44 (s, 2H), 5.06 (d, J=7.9 Hz, 1H), 4.42 (dd,
J=18.5,3.2 Hz, 1H), 4.22 (dd, J=50.5, 3.1 Hz, 1H), 3.74 (s, 3H), 3.71 (s,
6H), 3.56 (m, 1H). 3C NMR (75 MHz, CDCl3) 6 164.8 (d, J=260 Hz),
152.9,137.4,137.3,137.1 (2C),129.1 (2C), 128.7 (2C), 127.7,103.5 (2C),
92.8 (d, J=19 Hz), 74.4, 60.8, 57.7 (d, J=22 Hz), 56.1, 56.0. '°F NMR
(282 MHz, CDCl5) 6 —100.8 (ddd, J=50, 22, 18 Hz). IR (cm™): 3446,
2943, 1669, 1590, 1454, 1420, 1328, 1233, 1127, 1003. Anal. Calcd for
C19H21FO4: C, 68.66; H, 6.37. Found: C, 68.77; H, 6.51.

4.3.27. 1-(Benzo[d][1,3]dioxol-5-yl)-3-fluoro-2-phenylbut-3-en-1-ol 6¢
(Table 5,entry 3). Following procedure D, 6¢ was obtained as the pure
anti diastereomer (yellow oil) and the mixture of anti/syn di-
astereomers (yellow oil), after flash chromatography (SiO,, cyclo-
hexane/EtOAc, 95:5 to 70:30). Compound 6¢ anti: R=028
cyclohexane/EtOAc 8:2. 'TH NMR (300 MHz, CDCl3) 6 7.13—6.95 (m,
5H), 6.63 (s, 1H), 6.54—6.37 (m, 2H), 5.78 (d, J=2.9 Hz, 2H), 4.91 (dd,
J=9.5, 2.3 Hz, 1H), 4.70 (dd, J=17.8, 3.0 Hz, 1H), 4.53 (dd, J=50.1,
3.0 Hz, 1H), 3.58 (dd, J=25.0, 9.5 Hz, 1H).- 3C NMR (75 MHz, CDCl3)

6165.1 (d,J=262 Hz),147.5,147.0,137.4 (d, ]=2 Hz),135.3,128.5,128 4,
128.4 (2C), 127.3,120.6, 107.8, 106.9, 100.9, 93.0 (d, J=20 Hz), 74.8 (d,
J=3 Hz), 57.7 (d, J=24 Hz). "°F NMR (282 MHz, CDCl3) 6 —101.6 (ddd,
J=50, 25,18 Hz). IR (cm™1): 3028, 2897, 1670, 1487, 1442, 1240, 1034.
Anal. Calcd for C17H15FOs: C, 71.32; H, 5.28. Found: C, 71.13; H, 5.39.
Compound 6c¢ syn: R=0.32 cyclohexane/EtOAc 8:2. TH NMR
(300 MHz, CDCl3) 6 7.36—7.20 (m, 5H), 6.83—6.66 (m, 3H), 5.86 (s,
2H), 5.03 (d, J=8.6 Hz, 1H), 4.37 (dd, J=17.9, 3.0 Hz, 1H), 4.15 (dd,
J=50.2, 3.1 Hz, 1H), 3.54 (dd, J=24.3, 8.8 Hz, 2H). *C NMR (75 MHz,
CDCl3) 6 164.7 (d, J=260 Hz), 147.7,147.2,137.3 (d, J=2 Hz),135.6,128.9
(2C), 128.8, 128.8, 127.8, 120.3, 108.0, 106.9, 101.1, 92.7 (d, J=19 Hz),
743, 58.0 (d, J=24 Hz). '°F NMR (282 MHz, CDCl3) 6 —101.1 (ddd,
J=50, 24,18 Hz). IR (cm™1): 3027, 2893, 1669, 1487, 1442, 1241, 1034.
Anal. Calcd for C;7H15FO3: C, 71.32; H, 5.28. Found: C, 71.61; H, 5.41.

4.3.28. 3-Fluoro-2-phenyl-1-(thiophen-2-yl)but-3-en-1-ol 6d (Table
5,entry 4). Following procedure D, 6d was obtained as the pure
anti diastereomer (yellow oil) and the mixture of anti/syn di-
astereomers (yellow oil), after flash chromatography (SiO-, cyclo-
hexane/EtOAc, 95:5 to 70:30). Compound 6d anti: R=0.41
cyclohexane/EtOAc 8:2. 'TH NMR (300 MHz, CDCl3) 6 7.31-7.13 (m,
6H), 6.85—6.74 (m, 1H), 6.66 (d, J=3.4 Hz, 1H), 5.42 (dd, J=9.4,
3.2 Hz,1H), 4.82 (dd, J=17.7, 3.1 Hz, 1H), 4.67 (dd, J=50.0, 3.1 Hz, 1H),
3.80 (dd, J=24.9, 9.4 Hz, 1H). 13C NMR (75 MHz, CDCl3) 6 164.5 (d,
J=262 Hz), 144.9, 137.2 (d, J=2 Hz), 128.5 (2C), 128.4, 128.4, 127.5,
126.4, 125.3, 124.9, 93.3 (d, J=19 Hz), 70.9, 58.1 (d, J=24 Hz). 'F
NMR (282 MHz, CDCl3) 6 —102.4 (ddd, J=50, 25, 18 Hz). IR (cm™!):
3411, 2922, 1670, 1248, 1034. Anal. Calcd for C14H13FOS: C, 67.72; H,
5.28; S,12.91. Found: C, 667.75; H, 5.53; S, 13.00. Compound 6d syn:
R=0.51 cyclohexane/EtOAc 8:2. TH NMR (300 MHz, CDCl3)
0 7.40—7.22 (m, 6H), 6.96 (d, J=3.3 Hz, 1H), 6.92—6.84 (m, 1H), 5.42
(dd,J=8.5,3.2 Hz, 1H), 4.45 (dd, ]=17.9, 3.1 Hz, 1H), 4.25 (dd, J=50.2,
3.1 Hz, 1H), 3.68 (dd, J=22.9, 8.5 Hz, 1H). >C NMR (75 MHz, CDCl3)
6 164.5 (d, J=261 Hz), 145.1, 136.9, 128.9 (4C), 127.9, 126.5, 125.3,
125.1,92.9 (d, J=19 Hz), 70.6, 58.31 (d, J=22 Hz). "°F NMR (282 MHz,
CDCl3) 6 —101.5 (ddd, J=50, 23, 18 Hz). IR (cm™!): 2921, 1670, 1494,
1248, 1033. Anal. Calcd for C14H13FOS: C, 67.72; H, 5.28; S, 12.91.
Found: C, 68.00; H, 5.36; S, 13.13.

4.3.29. (E)-2-Fluoro-3-phenylhepta-1,5-dien-4-ol 6e (Table 5,entry
5). Following procedure D, 6e was obtained as the pure anti di-
astereomer (colorless oil) and the mixture of antifsyn di-
astereomers (colorless oil), after flash chromatography (SiOo,
cyclohexane/EtOAc, 95:5 to 70:30). Compound 6e anti: Rp=0.44
cyclohexane/EtOAc 8:2. 'H NMR (300 MHz, CDCl3) ¢ 7.46—7.18 (m,
5H), 5.72—5.53 (m, 1H), 5.50—5.31 (m, 1H), 4.76 (dd, J=17.9, 2.9 Hz,
1H), 4.58 (dd, J=50.3, 3.0 Hz, 1H), 4.55 (t, J=7.5 Hz, 1H), 3.51 (dd,
J=23.4,8.5 Hz, 1H), 1.60 (d, J=6.5 Hz, 3H). >*C NMR (75 MHz, CDCl3)
6 165.1 (d, J=261 Hz), 137.6, 130.8, 129.0, 128.7 (2C), 128.5 (2C),
127.4, 92.9 (d, J=20 Hz), 72.9, 56.0 (d, J=24 Hz), 17.7. '°F NMR
(282 MHz, CDCl3) 6 —100.6 (ddd, J=50, 23, 18 Hz). IR (cm™'): 3395,
3030, 2918, 1668, 1452, 1254, 1035. Anal. Calcd for Cy3Hy5FO: C,
75.70; H, 7.33. Found: C, 75.23; H, 77.44. Compound 6e syn: R=0.51
cyclohexane/EtOAc 8:2. '"H NMR (300 MHz, CDCl3) 6 7.46—7.24 (m,
5H), 5.91—5.75 (m, 1H), 5.63—5.51 (m, 1H), 4.66 (dd, J=18.1, 3.0 Hz,
1H), 4.58 (t, J=7.7 Hz, 1H), 4.46 (dd, J=50.4, 3.0 Hz, 1H), 3.50 (dd,
J=21.7, 7.8 Hz, 1H), 1.75 (d, J=6.4 Hz, 3H). *C NMR (75 MHz, CDCls)
6 165.2 (d, J=260 Hz), 137.2, 130.9, 129.2, 128.9 (2C), 128.8 (2C),
127.7, 92.6 (d, J=20 Hz), 72.9, 55.9 (d, J=23 Hz), 17.8. 1F NMR
(282 MHz, CDCl3) 6 —99.7 (ddd, J=50, 22, 18 Hz). IR (cm~1): 3390,
3033, 1669, 1452, 1251, 1032. Anal. Calcd for C13H15FO: C, 75.70; H,
7.33. Found: C, 75.82; H, 7.44.

4.3.30. 5-Fluoro-1,4-diphenylhex-5-en-3-0l 6f (Table 5,entry
6). Following procedure D, 6f was obtained as the pure anti di-
astereomer (white solid) and the pure syn diastereomer (colorless
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oil), after flash chromatography (SiO,, cyclohexane/EtOAc, 95:5 to
70:30). Compound 6f anti: R=0.44 cyclohexane/EtOAc 8:2. 'H NMR
(300 MHz, CDCl3) 6 7.28—6.96 (m, 10H), 4.64 (dd, J=17.7, 3.0 Hz, 1H),
4.45 (dd, J=50.2, 3.0 Hz, 1H), 4.09—3.94 (m, 1H), 3.35 (dd, J=25.4,
8.8 Hz, 1H), 2.84—2.69 (m, 1H), 2.60—2.50 (m, 1H), 1.72—1.46 (m,
2H). 3C NMR (75 MHz, CDCl3) 6 165.3 (d, J=262 Hz), 141.7,137.9 (d,
J=2 Hz), 128.8, 128.5, 128.4, 128.3, 128.3, 127.5, 125.9, 92.9 (d,
J=20 Hz), 711, 56.4 (d, J=23 Hz), 36.1, 31.8. 1°F NMR (282 MHz,
CDCl3) 6 —101.0 (ddd, J=50, 25, 18 Hz). IR (cm™1): 3413, 3033, 2910,
1673, 1493, 1451, 1252, 1080. Anal. Calcd for C;gH19FO: C, 79.97; H,
7.08. Found: C, 79.91; H, 7.22. Compound 6f syn: R=0.53 cyclo-
hexane/EtOAc 8:2. '"H NMR (300 MHz, CDCl3) 6 7.30—7.08 (m, 10H),
457 (dd, J=18.2, 3.0 Hz, 1H), 4.33 (dd, J=50.5, 3.0 Hz, 1H), 4.06 (t,
J=8.3 Hz, 1H), 3.36 (dd, J=21.8, 7.6 Hz, 1H), 2.89—2.76 (m, 1H),
2.69—2.59 (m, 1H), 2.02—1.87 (m, 1H), 1.77—1.59 (m, 1H). >C NMR
(75 MHz, CDCl3) 6 165.6 (d, J=260 Hz), 141.9, 137.3, 128.9, 128.9,
128.5,128.4, 127.7,125.9, 92.5 (d, J=19 Hz), 70.9, 55.8 (d, J=23 Hz),
36.7, 32.1. 'F NMR (282 MHz, CDCl5) 6 —100.1 (ddd, J=50, 22,
18 Hz). IR (cm™'): 3027, 2926, 1667, 1495, 1453, 1244, 1072. Anal.
Calcd for C1gH19FO: C, 79.97; H, 7.08. Found: C, 79.73; H, 7.38.

4.3.31. 2-Fluoro-3-Phenyloct-1-en-4-ol 6g (Table 5,entry 7). Following
procedure D, 6g was obtained as the mixture anti/syn diastereomers
(yellow oil), after flash chromatography (SiO,, cyclohexane/EtOAc,
95:5 to 70:30). Compound 6g anti: R=0.55 cyclohexane/EtOAc 8:2. 1H
NMR (300 MHz, CDCls) 6 7.34—7.13 (m, 5H), 4.64 (dd, J=17.9, 3.0 Hz,
1H), 4.46 (dd, J=50.3, 3.0 Hz, 1H), 4.12—3.91 (m, 1H), 3.32 (dd, J=25.5,
8.5 Hz, 1H), 147-1.06 (m, 6H), 0.75 (t, J=7.2 Hz, 3H). 3C NMR
(75 MHz, CDCl3) 6 165.4 (d, J=262 Hz), 138.2 (d, J=2 Hz), 129.0, 128.7
(2C), 128.3,127.4, 92.7 (d, J=20 Hz), 71.8, 56.3 (d, J=23 Hz), 34.1, 27.7,
22.5,14.0. °F NMR (282 MHz, CDCl3) 6 —100.7 (ddd, J=50, 25, 18 Hz).
Compound 6g syn: Re=0.60 cyclohexane/EtOAc 8:2. 'H NMR
(300 MHz, CDCl3) ¢ 7.34—7.13 (m, 5H), 4.58 (dd, J=17.9, 2.4 Hz, 1H),
438 (dd, J=50.6, 3.0 Hz, 1H), 412—3.91 (m, 1H), 3.34 (dd, J=21.3,
7.1 Hz, 1H), 1.47—1.06 (m, 6H), 0.81 (t, 7.1 Hz, 3H). >C NMR (75 MHz,
CDCl3) 6 165.9 (d, J=260 Hz), 137.5,129.0, 128.8 (2C), 128.3,127.6, 92.3
(d, J=20 Hz), 71.5, 55.7 (d, J=24 Hz), 34.6, 27.9, 22.6, 14.1. '°F NMR
(282 MHz, CDCl3) 6 —99.7, —100.1 (m). IR (cm™!): 2956, 2936, 1668,
1494, 1454, 1254. Anal. Calcd for C14H19FO: C, 75.64; H, 8.61. Found: C,
75.42; H, 8.48.

4.3.32. 2-Fluoro-3-phenyldodec-1-en-4-ol  6h  (Table  5,entry
8). Following procedure D, 6h was obtained as the pure anti di-
astereomer (colorless oil) and the pure syn diastereomer (colorless
oil), after flash chromatography (SiO-, cyclohexane/EtOAc, 95:5 to
70:30). Compound 6h anti: R=0.58 cyclohexane/EtOAc 8:2. H
NMR (300 MHz, CDCl3) ¢ 7.37—7.08 (m, 5H), 4.65 (d, J=17.8 Hz, 1H),
447 (d, J=50.3 Hz, 1H), 4.09—3.90 (m, 1H), 3.32 (dd, J=25.3, 8.7 Hz,
1H), 1.42—1.06 (m, 14H), 0.79 (t, J=6.5 Hz, 3H). 13C NMR (75 MHz,
CDCl3) 6 165.4 (d, J=261 Hz),138.2,128.7 (2C), 128.3 (2C), 127.4, 92.7
(d,J=20Hz), 71.7,56.3 (d, J=23 Hz), 34.4, 31.8, 29.5, 29.4, 29.2, 25.5,
22.6, 14.1. °F NMR (282 MHz, CDCl3) 6 —100.8 (ddd, J=50, 25,
17 Hz). IR (cm™1): 3435, 2917, 2851, 1669, 1466, 1454, 1250, 1081.
Anal. Calcd for CigH»7FO: C, 77.65; H, 9.78. Found: C, 77.96; H, 9.88.
Compound 6h syn: R=0.69 cyclohexane/EtOAc 8:2. 'H NMR
(300 MHz, CDCl3) 6 7.37—7.11 (m, 5H), 4.59 (d, J=18.2 Hz, 1H), 4.39
(d, J=50.6 Hz, 1H), 4.15—3.93 (m, 1H), 3.34 (dd, J=21.4, 7.4 Hz, 1H),
1.62—1.08 (m, 14H), 0.81 (t, J=6.0 Hz, 3H). '*C NMR (75 MHz, CDCl3)
0 165.8 (d, J=260 Hz), 137.4, 129.0 (2C), 128.8 (2C), 127.6, 92.32 (d,
J=20 Hz), 71.5, 55.7 (d, J=23 Hz), 34.9, 31.9, 29.6 (2C), 29.3, 25.7,
22.7,14.1.1°F NMR (282 MHz, CDCl3) 6 —100.0 (ddd, J=50, 21,18 Hz).
IR (cm™1): 3430, 2923, 2853, 1667, 1463, 1189. Anal. Calcd for
Ci3H,7FO: C, 77.65; H, 9.78. Found: C, 77.99; H, 9.66.

4.3.33. 1-(4-Chlorophenyl)-3-fluoro-2-phenethylbut-3-en-1-ol 6i
(Table 5, entry 9). Following procedure D, 6i was obtained as the

pure anti diastereomer (colorless oil) and the mixture of anti/syn
diastereomers (colorless oil), after flash chromatography (SiO;,
cyclohexane/EtOAc, 95:5 to 70:30). Compound 6i anti: R—=0.40
cyclohexane/EtOAc 8:2. 'H NMR (300 MHz, CDCl3) 6 7.41—6.96 (m,
9H), 4.87 (ddd, J=17.7, 2.8, 0.7 Hz, 1H), 4.65 (d, J=8.7 Hz, 1H), 4.47
(dd, J=50.5, 2.9 Hz, 1H), 2.85—-2.65 (m, 1H), 2.60—2.36 (m, 2H),
1.87—1.64 (m, 1H), 1.50—1.32 (m, 1H).-*C NMR (75 MHz, CDCl3)
0164.3 (d, J=261 Hz), 141.2,140.1,133.8,128.7 (2C), 128.4 (2C), 128.3
(20€), 128.2 (2C), 126.0, 94.7 (d, J=20 Hz), 73.9, 50.6 (d, J=24 Hz),
33.0, 28.9. 9F NMR (282 MHz, CDCl3) 6 —107.6 (ddd, =50, 28,
18 Hz). IR (cm*l): 3418, 2954, 1670, 1491, 1253, 1087, 1013. Anal.
Calcd for CygH1gCIFO: C, 70.93; H, 5.95. Found: C, 71.15; H, 6.17.
Compound 6i syn: R=0.51 cyclohexane/EtOAc 8:2). TH NMR
(300 MHz, CDCl3) 6 7.43—6.97 (m, 9H), 4.79 (d, J=6.9 Hz, 1H), 4.62
(dd, J=18.1, 3.0 Hz, 1H), 4.18 (dd, J=50.9, 3.0 Hz, 1H), 2.86—2.66 (m,
1H), 2.61—2.38 (m, 2H), 2.16—1.99 (m, 1H), 1.97—1.79 (m, 1H)..13C
NMR (75 MHz, CDCl3) 6 164.8 (d, J=259 Hz), 141.6,140.7,133.4,128.4
(4C), 128.3 (2C), 127.6 (2C), 125.9, 93.5 (d, J=20 Hz), 74.4, 50.5 (d,
J=23 Hz), 33.3, 28.3. 9F NMR (282 MHz, CDCl3) 6 —103.5 (ddd, J=51,
26,18 Hz). IR (cm™1): 3420, 2920, 1671, 1452, 1244, 1125. Anal. Calcd
for C1gH18CIFO: C, 70.93; H, 5.95. Found: C, 71.12; H, 6.20.

4.3.34. (E)-2-Fluoro-3-phenethylhepta-1,5-dien-4-ol 6j (Table 5,en-
try 10). Following procedure D, 6§ was obtained as the mixture of
anti/syn diastereomer (colorless oil), after flash chromatography
(Si02, cyclohexane/EtOAc, 95:5 to 70:30, R=0.43 and 0.47 cyclo-
hexane/EtOAc 8:2). 'TH NMR (300 MHz, CDCl3) 6 7.27—7.05 (m, 10H),
5.73—5.54 (m, 2H), 5.49—5.25 (m, 2H), 4.71 (dd, J=20.8, 2.8 Hz, 1H),
4.65 (dd, J=211, 2.8 Hz, 1H), 4.34 (dd, J=50.6, 2.8 Hz, 1H), 4.28 (dd,
J=50.7, 2.8 Hz, 1H), 4.08—3.93 (m, 2H), 2.79-2.59 (m, 2H),
2.58—2.37 (m, 2H), 2.36—2.02 (m, 2H), 1.89—1.60 (m, 10H). >*C NMR
(75 MHz, CDCl3) 6 165.2 (d, J=261 Hz), 164.9 (d, J=261 Hz), 141.8,
141.7, 131.3, 131.2, 129.8, 128.5 (2C), 128.4 (2C), 128.4 (5C), 126.0,
125.9, 93.8 (d, J=21 Hz), 93.3 (d, J=20 Hz), 73.8, 73.3, 49.2 (d,
J=24 Hz), 48.8 (d, J=23 Hz), 33.3, 33.3, 29.4, 29.0, 17.8 (2C). °F NMR
(282 MHz, CDCl3) 6 —102.2 (ddd, J=51, 27, 18 Hz), —105.9 (ddd, J=51,
28,18 Hz). IR (cm’1 ): 3420, 3021, 2932, 1668, 1452, 1250, 1001. Anal.
Calcd for Cy5H19FO: C, 76.89; H, 8.17. Found: C, 76.66; H, 8.13.

4.3.35. 2-Fluoro-3-phenethyloct-1-en-4-ol 6k  (Table  5,entry
11). Following procedure D, 6k was obtained as the mixture of anti/
syn diastereomers (colorless oil), after flash chromatography (SiO»,
cyclohexane/EtOAc, 95:5 to 70:30, R=0.55 cyclohexane/EtOAc 8:2).
TH NMR (300 MHz, CDCl3) 6 7.40—7.13 (m, 10H), 4.81 (dd, J=17.9,
2.4Hz,1H),4.76 (dd, J=18.3, 2.5 Hz, 1H), 4.41 (dd, J=51.1, 2.8 Hz, TH),
4.39 (dd, J=50.9, 2.8 Hz, 1H), 3.65 (br s, 2H), 2.90—2.72 (m, 2H),
2.70—2.50 (m, 2H), 2.39—2.17 (m, 2H), 2.02—1.76 (m, 4H), 1.72—1.25
(m, 12H), 0.93 (t, J=6.8 Hz, 6H). '>*C NMR (75 MHz, CDCl3) 6 165.9 (d,
J=261 Hz), 165.5 (d, J=261 Hz), 141.9, 141.7, 128.5 (2C), 128.4 (2C),
128.4 (2C), 128.4 (2C), 126.0, 125.9, 93.6 (d, J=20 Hz), 92.9 (d,
J=20Hz), 72.6, 72.0, 48.9 (d, J=23 Hz), 48.6 (d, J=23 Hz), 34.4, 34.2,
33.4 (2C), 29.8, 28.7, 28.1, 27.8, 22.7, 22.6, 14.1 (2C). 'F NMR
(282 MHz, CDCl3) 6 —101.9 (ddd, J=51, 28, 18 Hz), —102.7 (ddd, J=51,
27,18 Hz). IR (cm™1): 3450, 2955, 2931, 1667, 1454, 1251, 1001. Anal.
Calcd for C4gH23FO: C, 76.76; H, 9.26. Found: C, 76.33; H, 9.19.

4.3.36. 2-(4-Bromophenyl)-1-(4-chlorophenyl)-3-fluorobut-3-en-1-
ol 61 (Table 5, entry 12). Following procedure D, 61 was obtained as
the pure anti diastereomer (colorless oil) and the pure syn di-
astereomer (colorless oil), after flash chromatography (SiO3, cy-
clohexane/EtOAc, 95:5 to 70:30). Compound 6l anti: R=0.43
cyclohexane/EtOAc 8:2. 'H NMR (300 MHz, CDCl3) 6 7.29—7.19 (m,
2H), 7.14—7.03 (m, 2H), 7.02—6.90 (m, 2H), 6.90—6.79 (m, 2H), 4.92
(d, J=9.4 Hz, 1H), 4.73 (dd, J=17.7, 3.2 Hz, 1H), 4.54 (dd, J=50.0,
3.2 Hz, 1H), 3.53 (dd, J=24.7, 9.4 Hz, 1H).. '3C NMR (75 MHz, CDCl5)
0 164.1 (d, J=262 Hz), 139.4, 136.0 (d, J=2 Hz), 133.7, 131.6 (2C),
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130.2, 130.1, 128.4 (2C), 128.1 (2C), 121.5, 93.7 (d, J=20 Hz), 74.1 (d,
J=3Hz),57.2 (d,J=24 Hz). '9F NMR (282 MHz, CDCl3) 6 —102.3 (ddd,
J=50, 25,18 Hz). IR (cm'): 3401, 1670, 1487, 1255, 1088, 1010. Anal.
Calcd for C16H13BrCIFO: C, 54.04; H, 3.68. Found: C, 54.32; H, 3.78.
Compound 61 syn: R=0.57 cyclohexane/EtOAc 8:2. TH NMR
(300 MHz, CDCl3) 6 7.48—7.36 (m, 2H), 7.28—7.13 (m, 6H), 5.12 (d,
J=79 Hz, 1H), 4.44 (dd, J=18.0, 3.3 Hz, 1H), 4.17 (dd, J=50.3, 3.2 Hz,
1H), 3.52 (dd, J=22.5, 7.9 Hz, 1H).- 3C NMR (75 MHz, CDCl3) 6 164.1
(d,J=260 Hz), 139.9, 135.8,133.8, 131.8 (2C), 130.7, 130.7, 128.5 (2C),
127.8 (2C), 121.9, 93.4 (d, J=19 Hz), 73.6, 57.1 (d, J=24 Hz). 1°F NMR
(282 MHz, CDCl3) 6 —101.3 (ddd, J=50, 22, 18 Hz). IR (cm~1): 3400,
1671, 1487, 1249, 1089, 1073, 1011. Anal. Calcd for C16H13BrCIFO: C,
54.04; H, 3.68. Found: C, 54.99; H, 4.08.

4.3.37. (E)-3-(4-Bromophenyl)-2-fluorohepta-1,5-dien-4-ol 6m
(Table 5,entry 13). Following procedure D, 6m was obtained as the
pure anti diastereomer (colorless oil) and the pure syn di-
astereomer (colorless oil), after flash chromatography (SiO;, cy-
clohexane/EtOAc, 95:5 to 70:30). Compound 6m anti: R=0.37
cyclohexane/EtOAc 8:2. 'H NMR (300 MHz, CDCl3) 6 7.36 (d,
J=8.5 Hz, 2H), 7.07 (d, J=8.3 Hz, 2H), 5.65—5.43 (m, 1H), 5.36—5.16
(m, 1H), 4.67 (dd, J=17.8, 3.1 Hz, 1H), 4.47 (dd, J=50.2, 3.1 Hz, 1H),
440 (t, J=7.7 Hz, 1H), 3.37 (dd, J=23.4, 8.5 Hz, 1H), 1.51 (dd, J=6.5,
0.9 Hz, 3H). >C NMR (75 MHz, CDCl3) ¢ 164.5 (d, J=261 Hz), 136.7,
131.6 (2C), 130.6,130.4 (2C), 129.5,121.3,93.1 (d, J=20 Hz), 72.7, 55.4
(d, J=24 Hz), 17.7. '9F NMR (282 MHz, CDCl3) § —101.3 (ddd, J=50,
23,18 Hz). IR (cm™!): 3396, 2915, 1669, 1487, 1254, 1073, 1010. Anal.
Calcd for Ci3H14BrFO: C, 54.76; H, 4.95. Found: C, 55.08; H, 5.03.
Compound 6m syn: R=0.52 cyclohexane/EtOAc 8:2. 'H NMR
(300 MHz, CDCls) 6 7.40 (d, J=8.5 Hz, 2H), 7.18 (d, J=8.4 Hz, 2H), 5.71
(dq, J=13.1, 6.4 Hz, 1H), 5.48—5.34 (m, 1H), 4.58 (dd, J=18.1, 3.1 Hz,
1H), 4.50—4.40 (m, 1H), 4.36 (dd, J=54.8, 4.5 Hz, 1H), 3.36 (dd,
J=20.8, 7.5 Hz, 1H), 1.63 (dd, J=6.5, 1.2 Hz, 3H). 13C NMR (75 MHz,
CDCl3) 6 164.8 (d, J=260 Hz), 136.3, 131.7 (2C), 130.8, 130.7 (2C),
129.4,121.6,92.9 (d, J=20 Hz), 72.7, 55.1 (d, J=24 Hz), 17.7. °F NMR
(282 MHz, CDCl3) 6 —100.1 (ddd, J=50, 21, 18 Hz). IR (cm™'): 3390,
2915, 1669, 1487, 1250, 1074, 1010. Anal. Calcd for Cy3H14BrFO: C,
54.76; H, 4.95. Found: C, 55.40; H, 3.75.

4.3.38. 3-(4-Bromophenyl)-2-fluorooct-1-en-4-ol 6n (Table 5,entry
14). Following procedure D, 6n was obtained as the pure anti di-
astereomer (colorless oil) and the pure syn diastereomer (colorless
oil), after flash chromatography (SiO, cyclohexane/EtOAc, 95:5 to
70:30). Compound 6n anti: R=0.42 cyclohexane/EtOAc 8:2. H
NMR (300 MHz, CDCl3) 6 7.38 (d, J=8.5 Hz, 2H), 7.09 (d, J=8.2 Hz,
2H), 4.66 (dd, J=17.7, 3.1 Hz, 1H), 4.46 (dd, J=50.2, 3.1 Hz, 1H), 3.94
(td, J=8.2, 3.4 Hz, 1H), 3.29 (dd, J=25.2, 8.6 Hz, 1H), 1.50—1.02 (m,
6H), 0.76 (t, J=7.1 Hz, 3H). >°C NMR (75 MHz, CDCl3) ¢ 164.8 (d,
J=262 Hz), 137.3 (d, J=2 Hz), 131.8 (2C), 130.0, 130.0, 121.4, 93.1 (d,
J=20 Hz), 71.6, 55.7 (d, J=24 Hz), 34.2, 27.7, 22.5, 14.0. '°F NMR
(282 MHz, CDCl3) 6 —101.4 (ddd, J=50, 25, 18 Hz). IR (cm™'): 3346,
2937, 1674, 1488, 1244, 1079, 1010. Anal. Calcd for C14H1gBrFO: C,
55.83; H, 6.02. Found: C, 56.13; H, 6.13. Compound 6n syn: R=0.58
cyclohexane/EtOAc 8:2. 'H NMR (300 MHz, CDCl3) 6 7.41 (d,
J=8.5 Hz, 2H), 7.18 (d, J=8.4 Hz, 2H), 4.60 (dd, J=18.2, 3.1 Hz, 1H),
4.36 (dd, J=50.5, 3.1 Hz, 1H), 4.02 (td, J=7.8, 3.2 Hz, 1H), 3.31 (dd,
J=20.4, 7.0 Hz, 1H), 1.67—1.09 (m, 6H), 0.83 (t, J=7.1 Hz, 3H). 13C
NMR (75 MHz, CDCl3) 6 165.4 (d, J=260 Hz), 136.5, 131.8 (2C), 130.8
(2C),121.6,92.7 (d, J=20 Hz), 71.3, 54.9 (d, J=24 Hz), 34.7, 27.9, 22.6,
14.0. '°F NMR (282 MHz, CDCl3) 6 —100.4 (ddd, J=50, 20, 18 Hz). IR
(em™1): 2933, 1669, 1487, 1243, 1073, 1010. Anal. Calcd for
C14H1gBrFO: C, 55.83; H, 6.02. Found: C, 56.09; H, 5.97.

4.3.39. 1-(4-Chlorophenyl)-3-fluoro-2-(4-methoxyphenyl)but-3-en-
1-ol 60 (Table 5, entry 15). Following procedure D, 60 was obtained
as the mixture of anti/syn diastereomers (colorless oil), after flash

chromatography (SiO, cyclohexane/EtOAc, 95:5 to 70:30, R=0.42
cyclohexane/EtOAc 8:2). Compound 60 anti: 'H NMR (300 MHz,
CDCl3) 6 7.40—6.70 (m, 8H), 5.04 (d, J=9.4 Hz, 1H), 4.80 (dd, J=17.6,
3.2 Hz, 1H), 4.62 (dd, J=50.2, 3.1 Hz, 1H), 3.76 (s, 3H), 3.62 (dd,
J=24.9, 9.5 Hz, 1H).- *C NMR (75 MHz, CDCl3) § 165.0 (d, J=262 Hz),
158.8,139.9, 133.4, 129.5, 129.5, 128.9 (d, J=2 Hz), 128.2 (2C), 128.1
(2€),113.9(2C), 93.0 (d, J=20 Hz), 74.4 (d, J=3 Hz), 56.8 (d, J=24 Hz),
55.1. '9F NMR (282 MHz, CDCl3) 6 —101.9 (ddd, J=50, 25, 18 Hz).
Compound 60 syn: '"H NMR (300 MHz, CDCl3) § 7.39—6.68 (m, 8H),
5.16 (d, J=8.1 Hz, 1H), 4.48 (dd, J=18.0, 3.1 Hz, 1H), 4.23 (dd, J=50.4,
3.1 Hz, 1H), 3.83 (s, 3H), 3.59 (dd, J=22.7, 9.1 Hz, 1H). >C NMR
(75 MHz, CDCl3) 6 164.7 (d, J=260 Hz), 159.3, 140.1, 133.6, 130.0,
129.9, 128.5, 128.4 (2C), 127.9 (2C), 114.3 (2C), 92.8 (d, J=21 Hz),
73.8, 56.9 (d, J=24 Hz), 55.2. '%F NMR (282 MHz, CDCl3) 6 —101.3
(ddd, J=50, 23,18 Hz). IR (cm’l): 3463, 2837,1669, 1610, 1510, 1245,
1177, 1031, 1012. Anal. Calcd for Cy7H6CIFO,: C, 66.65; H, 5.26.
Found: C, 66.25; H, 5.48.
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